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ABSTRACT 
A clinical study was conducted in order to detennine the effectiveness of enzymatic 
cleaner in the care regimen for rigid gas permeable contact lenses. Twenty six current rigid contact 
lens wearers served as the study subjects. Each subject received a newly manufactured pair of 
TRANS-AIRE rigid gas permeable lenses to be used during the study. One lens for each subject 
was randomly assigned to be cleaned according to a daily surfactant cleaning regimen for the 
duration of the study. The other lens for each subject was assigned a regimen of daily surfactant 
cleaning plus weekly use of Allergan ProFree GP enzymatic cleaner. After a study duration of 
approximately fifteen weeks the lenses were collected, filmed using a video slit lamp, and a deposit 
evaluation was conducted by the masked researchers. The lenses assigned to the enzyme cleaning 
regimen were judged to contain borderline statistically significant fewer deposit than the lenses 
assigned to the daily cleaning only regimen. (p = 0.0736) The study also evaluated subjective 
responses obtained by pre-study and post-study questionnaires concerning enzymatic cleaning. 
Key Words: Rigid gas permeable contact lenses, cleaning efficacy, cleaning regimen, enzymatic 
cleaner, daily cleaner, consumer. 
INTRODUCTION 
Contact lens deposits have presented contact lens wearers with many lens related 
difficulties. Such difficulties often include discomfort, decreased visual acuity, allergic reactions 
and giant papillary conjunctivitis.0 ,2,3l Contact lens deposits frequently originate from the contact 
lens wearer ' s tear composition, namely the proteins (lysozyme, albumin, and globulin), lipids, 
mucin, and inorganic salts of the tear film. Lens deposits can also be caused by environmental 
contaminants such as cosmetics and aerosols. (4,5J Both hydrophilic (soft) contact lenses and rigid 
gas permeable contact lenses have been shown to have a tendency to develop protein deposits.<6l 
Enzymatic cleaners have been developed and marketed for use on a routine basis as 
part of the cleaning regimen of contact lenses specifically to remove proteins. Currently, three 
such enzyme preparations are FDA approved for ophthalmic use; papain, pancreatin, and 
subtilisin.c2J Extensive research has been conducted using hydrogel (soft) contact lenses to show 
that these three enzymes reduce protein deposits while pancreatin also reduces lipid and mucin 
deposits.c5J As a result of this research, enzymatic cleaning is indicated in most all soft contact lens 
care regimens in addition to surfactant cleaning in order to achieve more effective removal of lens 
deposits. 
Although much evidence is available to support the effectiveness of enzymatic 
cleaners in soft lens cleaning systems, little data has been gathered to show the effectiveness of 
such enzymes in the care regimen of rigid gas permeable lenses. There are a few gas permeable 
care systems available to the consumer which include enzymatic cleaners. However, the majority 
of care systems do not indicate a need for enzymes in the care of gas permeable lenses. 
The goal of this study was to compare deposit evaluations of TRANS-AIRE rigid 
gas permeable lenses cleaned according to a daily surfactant cleaning regimen versus lenses cleaned 
according to a regimen of daily surfactant cleaning plus weekly use of Allergan ProFree GP 
enzymatic cleaner. The study also aimed to evaluate subjective response to the enzymatic cleaning. 
Both subjective and objective data was obtained in order to determine the effectiveness of the 
enzymatic cleaner on rigid gas permeable lenses from a qualitative consumer point of view as well 
as a quantitative research oriented perspective. 
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MATERIALS AND METHODS 
Twenty six subjects, eight males and eighteen females, were selected from a 
volunteer population to participate. Study subjects were chosen based on the condition that they 
were currently successful rigid gas permeable contact lens wearers. The subjects ranged in age 
from 19 to 52 years old and had best corrected visual acuity of 20/20 or better in each eye with 
rigid gas permeable contact lenses. All of the subjects were given one pair of newly manufactured 
TRANS-AIRE contact lenses for wear during the study. Each subject was seen at three visits; the 
initial evaluation, the study contact lens dispense, and the final lens retrieval visit. 
At the initial evaluation, subjects gave informed consent to participate in the study. 
The visual acuity, ocular health, current lens fit, over-refraction and lens parameters were evaluated 
and recorded for each subject. If the current lens fit was acceptable, study lenses were ordered in 
the same parameters. Subjects exhibiting an unacceptable fit were refit and the study lenses were 
ordered in the new parameters. 
A second visit was scheduled for dispensing the study lenses. Each subject was 
required to complete an initial questionnaire pertaining to the comfort and cleaning regimen of their 
habitual rigid gas permeable lenses. After the dispensing of the study lenses, each subject was 
randomly assigned a daily cleaning regimen for one study lens and a daily cleaning plus weekly 
enzymatic cleaning regimen for the other study lens. The enzymed and non-enzymed lens 
assignments were recorded and sealed by a neutral observer. The researchers were masked as to 
which lenses were to be enzymed throughout the duration of the study. 
Each subject was given written care instructions for the assigned enzymed and non-
enzymed lens. Only the Allergan Wet -n- Soak care system was to be used during the study 
period. The care instructions defined daily cleaning of both study lenses as placing Resolve GP 
daily cleaner on each lens surface and rubbing gently for twenty seconds. Enzymatic cleaning of 
the assigned lens only was defined as dissolving one ProFree GP enzymatic tablet into a vial of 
sterile saline solution and allowing the assigned lens to soak a minimum of two hours (maximum 
of twelve hours) once every seven days. The written care sheet instructed the subjects to use Wet-
n- Soak Plus solution for the storing or rinsing of both study lenses. All study lenses were 
prescribed on a daily wear regimen consisting of a minimum of eight hours per day/five days per 
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week and a maximum of fifteen hours per day/seven days per week. Subjects were informed that 
it was critical to the study to strictly follow the assigned cleaning regimens. However, the 
researchers recognized that compliance would vary among the subjects as it does in the general 
contact lens wearing population. It was felt that differences in compliance within the study would 
actually reflect results more comparable to the general population of contact lens wearers. 
All subjects were allowed to wear and care for the study lenses as instructed for 
approximately fifteen consecutive weeks. At the end of this period a final visit was scheduled. 
The study lenses were collected for deposit evaluation and each subject was required to complete a 
second questionnaire pertaining to the comfort and cleaning regimen of each study lens. (See 
FIGURE 1.) The collected study lenses were stored in sterile saline solution. Each lens was 
subsequently mounted onto a rotating lens holder using sterile, soft forceps and video taped using 
a video slit lamp and black background. Each lens was illuminated by the slit lamp illumination 
system set at a 30 degree angle. 
INSERT FIGURE 1 HERE 
The researchers were allowed to view the video tape of the study lenses and a 
deposit evaluation was performed. Each lens was visually evaluated for overall film deposit and 
overall crystalline deposit utilizing the overall grading system. (See TABLE 1.) 
Next the right and left lens for each subject was graded on a relative scale. 
Accordingly, the least deposited lens was assigned the single value given for the previous 
crystalline deposit evaluation. The lens with the comparatively more deposits for each subject was 
then assigned a value relative to the least deposited lens according to the relative deposit scale. 
(See TABLE 2.) For example, Subject A scored an Overall Grade 1 for crystalline deposit on both 
right and left lenses. However, the left lens contained slightly more visible crystalline deposits 
than the right. Therefore, the right lens was assigned a Relative Grade 1 and the left lens received 
a Relative Grade 2. The relative grade allowed the slight difference in visible deposits to be 
recorded although the overall amount of deposit was low on each lens for that subject. 
It was necessary to develop the relative grading system for deposit evaluation due to 
the fact that overall rigid gas permeable lenses show low amounts of visible deposits. The relative 
scale allowed the study to compare relatively the right and left lens for each subject without having 
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to rely on an absolute number of deposits. Due to video filming artifacts, it was felt that an 
absolute deposit count would not be the best method for lens deposit evaluation. Therefore, the 
relative scale provided additional quantified information to statistically evaluate the amount of 
deposit on the study lenses. 
INSERT TABLE 1 & 2 HERE 
Objective data obtained from the visual deposit evaluation of the study lenses was 
entered into a Macintosh computer. (See TABLE 3.) The data was analyzed using the Wilcoxon 
signed rank analysis in the Stat View II statistical software program. (See TABLE 4.) A "p" value 
of 0.05 was used to determine statistical significance. 
Subjective data obtained by the two questionnaires administered during the study 
was also evaluated by the Wilcoxon signed rank analysis to compare enzymed versus non-
enzymed lens observations. General comparisons of pre-study versus post-study responses were 
also made. Subjective responses on questions 1,2,3, and 4 of the post-study questionnaire were 
recorded to evaluate subjective observations concerning differences between the enzymed and non-
enzymedlens during the study period. (See TABLE 4. and TABLE 5.) These questions evaluated 
overall satisfaction, lens comfort, quality of vision, and ease of care for the cleaning regimens 
assigned to each lens. The questionnaire questions were answered by each subject with a rating 
scale of 1 to 5 (5 being the best and 1 being the poorest). 
Subjective reports on question 5 concerning care regimen compliance was evaluated 
for pre-study and post-study differences. Reported compliance was also compared for the 
enzymed lens regimen versus non-enzymed lens regimen. (See TABLE 4. and TABLE 6.) 
Responses on questions 6,7 ,and 8 for the pre-study questionnaire and post-study 
questionnaire were recorded and compared to determine the subjects conception of enzymatic 
cleaners for rigid gas permeable lenses from a consumer point of view. (See TABLE 7.) Local 
retail price research was conducted at the time of the study to estimate the average cost for sixteen 
enzymatic tablets. This information was used in question 8 of both questionnaires to determine 
subjective perspective of worth for purchasing enzymatic cleaners for rigid gas permeable lenses. 
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RESULTS 
The objective data for the enzymed lens and non-enzymed lens obtained from the 
visual deposit evaluation is summarized on TABLE 3. 
INSERT TABLE 3 HERE 
Analysis of the objective data using the Wilcoxon signed rank analysis, summarized 
on TABLE 4., revealed that the differences in film deposits or crystalline deposits between the 
enzymed lens and the non-enzymed lens were not statistically significant. However, the difference 
in the relative deposit grades between the enzymed and non-enzymed lens was borderline 
statistically significant. (p = 0.0736) 
Analysis of the subjective data obtained from the study questionnaires using the 
Wilcoxon signed rank analysis, summarized on TABLE 4., revealed that the difference in overall 
satisfaction between the enzymed lens and non-enzymed lens was not statistically significant. 
However, the difference reported in lens comfort between the enzymed lens and non-enzymed lens 
was statistically significant to show that the enzymed lens was more comfortable. (p = 0.0365) 
The difference reported in quality of vision between the enzymed lens and non-enzymed lens was 
borderline statistically significant to show that the enzymed lens had a better quality of vision. (p = 
0.0578) Conversely, the reported ease of care and compliance was statistically significant to show 
that the non-enzymed lens was easier to care for and had a higher reported compliance to the 
assigned cleaning regimen. (p = 0.0074 and p = 0.0235) 
INSERT TABLE 4 HERE 
The subjective data for the enzymed lens and non-enzymed lens obtained from the 
study questionnaires is summarized in TABLE 5. The cleaning regimen compliance reported on 
the pre-study questionnaire and on the post-study questionnaire for both the enzymed lens and 
non-enzymed lens is summarized in TABLE 6. 
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INSERT TABLE 5 & 6 HERE 
The subjective data concerning the consumer point of view obtained from the pre-
study and post-study questionnaires is summarized on TABLE 7. The subjective data revealed that 
prior to participating in the study 77.0% of the subjects were aware that enzymatic cleaners were 
available for use on rigid gas permeable contact lenses. 23.0% of the subjects were not aware that 
enzymatic cleaners existed for gas permeable lenses. Prior to the study, 57.7% of the subjects 
chose to use enzymatic cleaner on a routine basis as part on the cleaning regimen for their gas 
permeable lenses. After completion of the study, 80.8% of the subjects reported they would 
choose to use enzymatic cleaner on their rigid gas permeable lenses on a routine basis. Prior to 
participating in the study, 65.4% of the subjects responded that they would purchase enzymatic 
tablets at the average consumer price estimated at the time of the study to be $7.00 per sixteen 
tablets. After completing the study, 73.1% of the subjects reported they would purchase enzymatic 
cleaners at the previous price. 
INSERT TABLE 7 HERE 
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DISCUSSION 
From the objective results of this study it may be concluded that there was not a 
statistically significant difference observed in overall deposits of a rigid gas permeable contact lens 
cleaned with Resolve GP daily cleaner versus a rigid gas permeable lens cleaned with Resolve GP 
daily cleaner plus ProFree GP weekly enzymatic cleaner. The authors believe this was due to the 
characteristic of rigid gas permeable lenses to resist deposit accumulation. However, when the 
daily cleaning regimen and the daily cleaning plus weekly enzymatic cleaning regimen were 
compared relative to each other for the individual subjects in this study there was a borderline 
statistically significant difference. The enzymed lens showed relatively fewer deposits than the 
non-enzymed lens. 
The subjective results of this study supported the objective results in that the 
subjects reported no statistically significant difference in overall satisfaction between the enzymed 
lens and the non-enzymed lens. However, there was a statistically significant difference reported 
in comfort and a borderline statistically significant difference in the quality of vision. The enzymed 
lens was reported to be more comfortable and clearer to the subjects. 
The subjective data revealed that the subjects of this study felt the ease of care and 
the compliance for the daily cleaning plus enzyme regimen was statistically significantly lower than 
the ease of care and compliance for the daily cleaning regimen. This observation correlates to the 
clinically observed fact that adding elements to cleaning regimens does usually decrease ease of 
care and compliance. 
The subjective data also revealed that 23.1% of the study subjects were not aware 
that enzymatic cleaners were available for rigid gas permeable lenses prior to participating in the 
study. This observation supports the belief of the authors that there is a small percentage of the 
rigid gas permeable lens wearers in the general contact lens population who may benefit from 
routine enzymatic cleaning but have not been educated concerning this product. The subjective data 
also noted a general increase after participation in this study in the number of subjects who would 
buy and use enzymatic cleaner on their lenses. This observation supports that, from a consumer 
point of view, the study subjects felt the enzymatic tablets are a worthwhile purchase. 
8 
In general, this study showed that routine enzymatic cleaning of rigid gas permeable lenses 
in addition to daily cleaning does have a statistically significant effect on both the relative objective 
lens appearance concerning lens deposits and the subjective benefits of added comfort and quality 
of vision. Therefore, we conclude that routine enzymatic cleaning of rigid gas permeable contact 
lenses is worthwhile both from a practitioner stand point and a contact lens patient stand point. 
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FIGURE 1. 
Patient Questionnaire #1 
Please answer the following questions by giving each a rating from I to 5 with 5 being the best rating and l 
the poorest. 
I. Overall, how satisfied are you with the lens you wear in your right eye? 
Your left eye? __ _ 
2. How would you rate the comfort of the lens in your right eye? __ _ 
Your left eye? __ _ 
3. How would you rate the quality of vision provided by your right eye? 
Your left eye? __ _ 
4. How would you rate the ease of care that you provide for your lenses? 
5. How would you rate your compliance with the cleaning regimen recommended for your lenses by your 
eye doctor? __ _ 
6. Were you previously aware or informed that there were enzymatic cleaners available for rigid gas 
penneable lenses? 
(circle one) Yes No 
7. Do you currently use enzymatic cleaner on your lenses on a regular basis? 
(circle one) Yes No 
8. If you had to purchase the enzymatic cleaner for $ 7.00 for 16 tablets, would you choose to use the 
enzymatic cleaner on your lenses? (With your present knowledge of them.) 
(circle one) Yes No 
Patient Questionnaire #2 
Please answer the following questions by giving each a rating from I to 5 with 5 being the best rating and 1 
the poorest. 
I. Overall , how satisfied were you with the lens you wore in your right eye? 
Your left eye? __ _ 
2. How would you rate the comfort of the lens in your right eye? __ _ 
Your left eye? _ _ _ 
3. How would you rate the quality of vision provided by your right eye? 
Your left eye? __ _ 
4. How would you rate the ease of care that you provided for your right eye? __ _ 
Your left eye? __ _ 
5. How would you rate your wmpliance with the cleaning regimen prescribed for your right eye?_ 
Your left eye? __ _ 
7. If you had a choice, would you choose to use the enzymatic cleaner on your lenses? 
(circle one) Yes No 
8. If you had to purchase the enzymatic cleaner for$ 7.00 for 16 tablets, would you choose to use the 
enzymatic cleaner on your lenses? 
(circle one) Yes No 
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TABLE 1. 
TABLE2. 
OVERALL DEPOSIT GRADING SCALE 
FILM DEPOSIT: 
Grade 0: Clear lens 
Grade 1: 5%-15% of lens 
Grade 2: 20%-30% of lens 
Grade 3: 35%-45% of lens 
Grade 4: 50%-100% oflens 
CRYSTALLINE DEPOSIT: 
Grade 0: Clear lens 
Grade 1: 1-10 deposits visible 
Grade 2: 11-20 deposits visible 
Grade 3: 21-30 deposits visible 
Grade 4: 31+ deposits visible 
RELATIVE DEPOSIT GRADING SCALE 
Relatively Least Deposited Lens for each subject: 
Relative Grade: Assigned the crystalline deposit 
value of the previous evaluation. 
(See Table 1) 
Relatively More Deposited Lens for each subject: 
Relative Grade+ 1: 5 - 10 more visible deposits. 
Relative Grade +2: 11 + more visible deposits . 
1 3 
TABLE 3. SUMMARY OF OBJECTIVE DATA OF VISUAL DEPOSIT EVALUATION 
ENZYMED LENSES 
Film Crystalline Relative 
Grade 0 0 0 0 
Grade 1 21 18 18 
Grade 2 4 8 7 
Grade 3 1 0 1 
Grade 4 0 0 0 
INON-ENZYMED LENSES 
Film Crystlline Relative 
Grade 0 0 0 0 
Grade 1 23 13 9 
Grade 2 3 13 17 
Grade 3 0 0 0 
Grade 4 0 0 0 
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TABLE 4. SUMMARY OF SUBJECTIVE AND OBJECTIVE STATISTICS 
Wilcoxon Signed Rank Analysis 
ENZYME LENS NON-ENZYME LENS 
Mean ± SD (given Mean ± SD (given 
Variable for comparison for comparison z value Significance/ 
purposes only) purposes only) (corrected for ties) Interpretation 
O=worst, 5=best O=worst, 5=best 
Overall 4.44 ± 0.73 4.06 ± 1.08 z = -1.594 p=O.l108 
Satisfaction Not Significant 
Comfort 4.35 ± 0.80 3.85 ± 0.99 z = -2.091 p = 0.0365 
Significant; 
Enzyme lens better 
Vision 4.69 ± 0.55 4.46 ± 0.71 z=-1.897 p = 0.0578 
Borderline Sigmficant; 
Enzyme lens better 
Ease of Care 4.31 ±0.68 4.73 ± 0.47 z = -2.676 p = 0.0074 
Significant; 
Non-enzyme lens better 
Compliance 4.73 ± 0.47 4.96 ± 0.20 z = -2.264 p = 0.0235 
Significant; 
Non-enzyme lens better 
Film 1.23 ± 0.51 1.12 ± 0.33 z = -1.342 p=0.1797 
Deposits Not Significant 
Crystalline 1.31 ± 0.47 1.50 ± 0.51 z = -1.387 p = 0.1655 
Deposits Not Significant 
Relative 1.35 ±0.56 1.65 ± 0.49 z=-1.789 p = 0.0736 
Deposits Borderline Significant; 
Enzyme lens better 
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TABLE 5. SUMMARY OF SUBJECTIVE DATA ENZYMED vs. NON-ENZYMED 
Question Enzymed Non-Enzymed 
1. Overall Satisfaction. (1 worst to 5 best) 
RATING 1.0 0 1 
RATING2.0 0 2 
RATING3.0 3 2 
RATING3.5 1 0 
RATING4.0 7 10 
RATING4.5 0 1 
RATING5.0 15 10 
2. Overall Comfort. (1 worst to 5 best) 
RATING 1.0 0 1 
RATING2.0 1 1 
RATING3.0 2 5 
RATING3.5 0 2 
RATING4.0 10 9 
RATING4.5 0 2 
RATING5.0 13 6 
3. Quality of Vision. (1 worst to 5 best) 
RATING 1.0 0 0 
RATING2.0 0 0 
RATING3.0 1 3 
RATING3.5 0 0 
RATING4.0 6 8 
RATING4.5 0 0 
RATING5.0 19 15 
4. Ease of Care. (1 worst to 5 best) 
RATING 1.0 0 0 
RATING2.0 0 1 
RATING3.0 3 0 
RATING 3.5 0 0 
RATING4.0 12 6 . 
. RATING4.5 0 1 
RATING5.0 11 18 
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TABLE 6. SUMMARY OF SUBJECTIVE DATA OF COMPLIANCE 
Pre-Study Post- Study 
Question Enzymed Non-Enzymed 
5. Overall Compliance. (1 worst to 5 best) 
RATING 1.0 0 0 0 
RATING2.0 0 0 0 
RATING3.0 2 0 0 
RATING3.5 1 1 0 
RATING4.0 10 5 1 
RATING4.5 1 1 0 
RATING5.0 12 19 25 
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TABLE 7. SUMMARY OF SUBJECTIVE DATA PRE-STUDYvs. POST-STUDY 
Question Pre-Study Post-Study 
6. Knowledge of enzymaic cleaner for RGPs. (YES) 76.9% 100.0% 
7. Would choose to use enzymes. (YES) 57.7% 80.8% 
8. Would purchase ezymes. (YES) . 65.4% 73.1% 
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Figure Legends 
FIGURE 1. Study Questionnaires 
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